Recently,problem of stability of H-atom has been reported in extra-finite dimension,and found out that it is stable in extra-finite dimension of size,R ≤ a 0 4 ,where,a 0 is the Bohr radius.Assuming that,the heavy flavoured mesons have also such stability controlled by the scale of coupling constant,we obtain corresponding QCD Bohr radius and it is found to be well within the present theoretical and experimental limit of higher dimension.We then study its consequences in their masses using effective string inspired potential model in higher dimension pursued by us.Within the uncertainty of masses of known Heavy Flavoured mesons the allowed range of extra dimension is L ≤ 10 −16 m,which is well below the present theoretical and experimental limit,and far above the Planck length ≃ 1.5 × 10 −35 m.
Introduction
There has been considerable discussion on the possibility of extra spatial dimension since long ago.The idea was born in 1920's when Kaluza and Klein [1] for the first time introduced one additional dimension.Later different theories such as ADD [2] ,RS [3] ,UED [4] etc were introduced supporting the idea.In recent years,equally interesting research is going on what happens to the ordinary H-atom,when there is more than 3 dimension.The problem of stability of H-atom in a compact space was a subject of research in [6] by Bures and Seigl.They reported that H-atom is stable in extra-finite dimension of size,R ≤ a 0 4
,where,a 0 is the Bohr radius.Assuming that,the heavy flavoured mesons have also such stability controlled by the scale of coupling constant,we obtain corresponding QCD Bohr radius,R QCD ≤ a 0 | QCD 4 ,where a 0 | QCD =
16µαs
,α s is the strong coupling constant and µ is the reduced mass of mesons.
Recently, a string inspired potential model [5] of mesons has been reported in higher dimension of infinite extent,assumed by us. In this work we assume the stability of mesons within their QCD Bohr radii in extra-dimension,and we study the masses of heavy flavoured mesons within this model. The additional assumption is that the modification of Coulomb potential in finite extra-dimension in a plausible way. Plausible relationship between confinement effect and modified coulomb potential in finite extra-dimension is also suggested.
In section.2 we outline the formalism,in section.3 we calculate the masses of Heavy Flavoured mesons in this model without confinement,while section.4 is devoted to numerical analysis.The last section.5 includes conclusion and discussion.
2 Formalism:
The string inspired potential model and its limitations:
Recently a String inspired potential model [5] is reported which assumes Luscher term [9] , [5] to be the higher dimensional correction to Cornell potential [ 5] , [7] ,
where b is standard confinement parameter and
At d=3,
This coupling constant does not correspond to its numerical value for d=3.Following MS-bar scheme using standard equation of coupling constant,
The value given in equation (3) is much smaller than the corresponding value α s = 0.39 at cscale and α s = 0.22 at b-scale.Forn f = 6,Λ QCD = 0.382GeV ,the value of α(Q) 2 of equation (3) is reached at Q 2 = 1. 
Improved potential model in finite extra-dimension:
We consider the known 3 dimensions to be in the range 0 to α and the extra dimension to be finite within the range 0 to L [3, 4, 6] . Thus,
where
, y is the size of finite extra dimension.Hence,
Now,we consider the Coulomb potential in d-dimension,
where,A = ,at d=3 And,with finite extra-dimension we modified it to,
for µ L y ≪ 1. Atd = 3, y = 0,and we get back the standard 3-dimensional QCD coupling constant.The mass parameter (µ L ) occurred in equation (10)will be determined from the correspondence with the H-atom [13] .
Wave function(D-Dimensional,with only Coulomb term in finite extra dimension):
The D-dimensional Schrodinger equation is [10] , [14] ,
for l=0,taking = 1,we geẗ
, [15] , Now putting R(r d ) in equation (12) we get,
Now,we consider the series expansion of
[15],which satisfies this condition.Then the radial wave function can be expressed as,
For ground state,n = 0,we get the unperturbed wave function,
Now,at d = 3, y = 0 and we get from above equation (14),
which is consistent with standard H-atom wave function [13] at d=3,with A = 
Normalization: with 3 non-compact and one compact extra dimension
The normalization condition [16] is,
where,
. The normalization constant obtained from the above equation has got singularity at d = 3,but for d = 3, L = 0,and it is free of singularity. At d = 3,in analogy with H-atom [13] ,N H =(
Now,putting equation (14) in equation (16) we get(neglecting higher orders of L),
At d=3,A = ,putting (17) in (18) we get,
. 
This is an improvement over the earlier result [5] , [7] , [10] ,where σ is assumed to be 1. As a application of the formalism developed in 2, we calculate the masses of Heavy flavoured mesons. Pseudoscalar meson mass can be computed from the following relation [12] , [17] :
where,∆E = H . In D-spatial dimension,the Hamiltonian operator H has the form [5] , [18] :
where,µ = is the reduced mass of the meson with m Q and m Q are the quark and anti-quark masses;V (r d ) corresponds to the coulomb plus confinement term with plausible modification to compact extra dimension given as
In this work we first neglect the confinement term and see the effect of coulomb term with modification in compact extra dimension,and ∇ 2 d is the Laplace's operator in D dimension [19] , which at l = 0 is given by,
Now, H can be expressed as(with only Coulomb term in the potential in compact extra dimension),
Where first two terms are the kinematic contribution and third term corresponds to potential contribution.Now putting correct D-dimensional wave function as given in (20) and using coupling constant from equation (10) in equation (26) we get,
For the only compact extra dimension,ψ = N d e −µAy ,and with it we get,
And the potential term,
neglecting higher orders of L,since L is very small.Then we get the final result,
We can write,
where,F (µ) iS L independent with F (µ) = 9 32µ
2 and
Since G(µL) is not explicitly a linear function of L,equation (31) (3),it is therefore,tempting to assume that physical mesons too might be stable within such QCD Bohr radii and see its consequences in their masses. , [6] . In table(4),we show the variation of mass of B(bc) meson with the size of finite extra-dimension,which is well within the corresponding QCD Bohr radii,0.83fm(table (2)). This table (4) shows that as size of extra-dimension increases,mass of meson also increases. Further,for L=0,at d=3,the calculated mass is above the experimental value suggesting that effectively confinement effect reduces mass of a meson in 3D. We therefore raise the question if such reduction of mass due to the confinement effect can be obtained equivalently through the assumption that gluon effect can as well propagate to extra-dimension within the QCD Bohr radii. So,in table (5) [6],where,a 0 is the Bohr radius,has been extended to QCD and corresponding QCD Bohr radii for quark-antiquark systems are evaluated. It is found that the QCD Bohr radii of various Heavy Flavoured mesons are well within the present theoretical and experimental limit of size of extra-dimension. We then study its consequences in their masses using an effective string inspired potential model [5] .Within the uncertainty of masses of known Heavy Flavoured mesons the allowed range of extra dimension is L ≤ 10 −16 m,which is also well below the present theoretical and experimental limit, but far above the Planck length≃ 1.5 × 10 −35 m.It is interesting to note that the potential suggested by us has got strong resemblance to the corresponding potential in deconfined phase in QGP [22] and indicates plausible relationship between the confinement effect and the coulomb potential in finite extradimension.Hence our result does not contradict the present notion that the extra degrees of freedom for gluons and quarks in extra-dimension is not yet discovered.
